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Description 

This invention relates to a detector for microwave 
ovens The detector is adapted to detect the presence 
of particles, such as smoke and water vapour, in the 
chamber of a microwave oven during a heating proce- 
dure 

When heated in a microwave oven food normally 
gives off water vapour in a given phase of the heating 
procedure when the water in the food evaporates The 
emission of vapour then indicates how the heating pro- 
ceeds It is known to provide a humidity sensor meas- 
uring the humidity of the chamber air, and to use the 
output signal from the humidity sensor for automatic 
control of the procedure. If heating takes place at too 
high a power level, edge scorching may occur in some 
cases which can result in the emission of smoke. When 
the cooking time and the power level have been clearly 
misset, the food may catch fire or get charred, resulting 
in heavy smoke emission. 

DE-A-3 730 579 discloses a smoke detector for a 
microwave even having a light transmitter and only one 
receiver GB-A-2 1 23 548 and EP-A-0 01 5 007 disclose 
a smoke detector with two receivers, such detector hav- 
ing the problem of a delayed response when smoke 
passes through the detector. 

The object of this invention is to provide a detector 
which is of simple design and primarily is adapted to de- 
tect smoke emission in the oven chamber, thereby to 
prevent accidents as well as damage to the food. The 
detector should also be adapted for detecting water va- 
pour, e.g. for automatic control of the procedure. 

According to the invention, this object is achieved 
by a detector having the features listed in the attached 
claim 1 . 

Suitably, the transmitter is an IR-light-emitting di- 
ode, and the receivers are phototransistors. 

To effectively prevent external radiation from reach- 
ing the receivers, the transmitter and the receivers are 
conveniently arranged in a detector housing provided 
with an air inlet and an air outlet and having internally 
non -reflective walls, said housing being mounted in 
such a position outside the oven chamber that ventila- 
tion air from the chamber flows through the housing dur- 
ing a heating procedure. 

When smoke or water vapour enters the detector 
housing, the direct radiation received by the first receiv- 
er is decreased, whereas the indirect or scattered radi- 
ation received by the second radiator is increased In 
the case of smoke or vapour emission, the output sig- 
nals from the two receivers thus change in opposite di- 
rections. To take advantage of this, the signal-process- 
ing circuit is preferably designed to generate a signal 
constituting the difference between a signal derrved 
from the first receiver, and a signal derived from the sec- 
ond receiver, this difference signal being utilised as an 
alarm signal to indicate the emission of smoke or va- 
pour The use of a difference signal reduces the risk of 
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a false alarm While variations in the light intensity of the 
transmitter, as well as variations caused by coatings on 
the surfaces affect the two receivers in the same direc- 
tion and are suppressed by the subtraction, variations 
5 caused by smoke and vapour are reinforced. 

Smoke and vapour emission during heating in a mi- 
crowave oven is always a dynamic process, and the 
useful information resides in the signal change with time 
rather than in the absolute signal magnitude. In a pre- 
ferred embodiment of the detector, the signal-process- 
ing circuit is therefore designed first to differentiate the 
output signals from the receivers, whereupon the differ- 
ence signal, which is utilised as an alarm signal, is gen- 
erated by subtraction of the differentiated signals. 
15 In the foregoing, smoke and water vapour have 
been rated equal, since the detector essentially re- 
sponds in the same way to both, namely by decreasing 
the output signal from one receiver and increasing the 
output signal from the other receiver. In actual practice, 
20 however, there is a considerable difference between the 
signal variations caused by smoke emission and those 
caused by vapour emission, both as to magnitude and 
time characteristic It is therefore possible to discrimi- 
nate between smoke and water vapour by imposing dif- 
2$ ferent requirements on the magnitude and the time de- 
rivatives of the signal variations. 

Generally, the signal variations caused by smoke 
emission are much larger than those caused by vapour 
emission. The detector may, however, be rendered 
30 more sensitive to water vapour by a simple modification 
residing in the provision of a transparent partition in the 
transmission path between the transmitter and the first 
receiver, the second receiver being situated on the 
same side of the partition as the transmitter, and the par- 
35 tition cooperating with means for keeping the partition 
at a lower temperature than the chamber air 

Embodiments of the invention will be described in 
more detail below with reference to the accompanying 
drawing, in which 

40 

Fig 1 is an end view illustrating the basic design of 
the detector unit in a detector according to the in- 
vention, 

Fig 2 is a cross-section of a simple embodiment of 
45 the detector housing of the detector unit, the hous- 
ing being made in one piece, 
Fig 3 is a perspective view of an oven chamber with 
a detector unit according to the invention attached 
on the outside of the chamber to illustrate a suitable 
50 position for the detector, 

Fig 4 shows, to the left, a circuit diagram for the 
components of the detector unit and, to the right, a 
block diagram for the signal-processing circuit con- 
nected to the detector unit, and 
55 Fig 5 is an end view similar to that of Fig 1 and 
showing a modification of the detector according to 
the invention. 
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The detector unit 10 shown in Fig 1 comprises a 
detector housing 1 1 , a transmitter 1 2 for transmitting op- 
tical radiation or light radiation, and two receivers 13,14 
for receiving the optical radiation. Suitably, the transmit- 
ter 1 2 is an IR-light-emitting diode, and the receivers 1 3, 5 
1 4 are phototransistors. The receiver 1 3 is mounted op- 
posite to the transmitter 12 in the housing and receives 
direct radiation therefrom along a straight transmission 
path through the interior of the housing The receiver 14 
receives indirect or scattered radiation from the interior w 
of the housing. A screen 1 5, provided between the trans- 
mitter 12 and the receiver 14, serves to prevent direct 
radiation from the transmitter 12 from reaching the re- 
ceiver 14 The housing has non-reflectrve inner walls 
and is so designed that light radiation from the surround- is 
ings cannot be reflected and reach the receivers Fur- 
ther, the housing is so mounted that ventilation air from 
the chamber of a microwave oven passes through the 
detector housing during a heating procedure 

Fig 2 illustrates a simple embodiment of the detec- 20 
tor housing, which is made in one piece in the form a 
square block 21 formed with three bores 22, 23, 24 By 
a suitable relative positioning of the centres of the bores, 
a portion of material 25 having the same function as the 
screen 15 in Fig. 1 remains after the boring operation. 2s 
The bores form open channels, in each of which are 
mounted a transmitter and a receiver, respectively 

The detector unit is conveniently mounted in the 
space between the oven chamber and the outer casing 
of the microwave oven. A suitable position is shown in 30 
Fig. 3, where the oven chamber is designated 30 and 
the exhaust holes for ventilation air from the chamber 
are designated 31 . In Fig. 3, the detector unit is mounted 
directly on the outside of the chamber at the exhaust 
holes and may, in the embodiment of the detector nous- 35 
ing shown in Fig. 2, be mounted with its channels ar- 
ranged vertically. Also other positions are conceivable, 
depending on how the air flow is guided in the space 
between the oven chamber and the outer casing. 

In Fig. 4, which shows a circuit diagram for the elec- *o 
trie components of the detector unit 10 as well as a sim- 
ple block diagram for the following signal-processing cir- 
cuit 40, the light-emitting diode 1 2 and the phototransis- 
tors 13, 14 are each connected in series with a resistor 
41, 42 and 43, respectively, between a positive supply *s 
voltage V + and an earth potential 0. The output signals 
from the detector are formed by the voltage V 1 at the 
junction between the phototransistor 13 and the series 
resistor 42, and by the voltage V 2 at the junction be- 
tween the phototransistor 14 and the series resistor 43, so 
these voltages being supplied to the signal-processing 
circuit 40 for evaluation. 

The detector operates as follows. In the idle state, 
the light-emitting diode 12 shines directly on the pho- 
totransistor 1 3. while only scattered light shines on the ss 
phototransistor 14, When smoke or vapour passes 
through the detector housing, the light to the phototran- 
sistor 1 3 is decreased, and the output voltage therefrom 



increases. Simultaneously, the smoke or vapour scat- 
ters the light, so that some light falls upon the phototran- 
sistor 14 and the output voltage therefrom decreases. 

In the signal-processing circuit 40, the signals V<, 
and V 2 are f' rs * equalised by filtering in equalising filters 
44, 45. These filters suppress all rapid changes and 
'spikes' caused by temporary disturbances as well as 
rapid periodical variations in the signals v^, V 2 , e g 
caused by the rotation of a bottom plate in the oven 
chamber, should such a plate be used for field equali- 
sation. Then, the signals are differentiated in differenti- 
ating circuits 46, 47. These circuits have such a time 
constant, in the order of magnitude of seconds, that a 
signal variation with time that arises upon smoke or va- 
pour emission, is reinforced by the differentiation, which 
makes it possible to achieve a prompter detection of 
smoke or vapour emission. The differentiation obviates 
the impact of slow variations in the signals, e.g. caused 
by drifts in different parameters Finally, the differentiat- 
ed signals are subtracted from one another in a subtrac- 
tion circuit 48, and the difference signal from this circuit 
is amplified in an amplifier 49. The output signal from 
the amplifier 49 can be used as an alarm signal or for 
switching off the oven. 

Fig. 5 shows a modification of the detector unit in 
Fig. 1 , rendering the detector especially suitable for de- 
tecting water vapour. Compared with Fig. 1 , the modifi- 
cation resides in the provision of a transparent partition 
16 in the detector housing. The partition extends across 
the interior of the housing 11 between the phototransis- 
tor 1 3, on one hand, and the light-emitting diode 1 2 and 
the phototransistor 14, on the other. In the embodiment 
of Fig. 5, the phototransistor 13 thus receives the light 
that is let through the partition 16, while the phototran- 
sistor 14, which is situtated on the same side of the par- 
tition 16 as the light-emitting diode, receives the light 
that is scattered or reflected by the partition. Provided 
that the partition is maintained at a lower temperature 
than the air from the oven chamber, water vapour will 
condense on the partition, thereby affecting the output 
signals from the two phototransistors. To keep the par- 
tition 16 at a lower temperature than the chamber air, 
the partition can be in heat-conductive communication 
with the surroundings or be provided with special cool- 
ing fins. 



Claims 

1 . A detector adapted to detect the presence of parti- 
cles, such as smoke and water vapour, in the cham- 
ber (30) of a microwave oven during a heating pro- 
cedure, said detector (10) comprising a transmitter 
(12) designed to transmit electromagnetic radiation 
of optical nature and arranged in a compartment 
which is shielded from external radiation and which, 
during a heating procedure, is filled with air from the 
oven chamber (30); first and second receivers (13, 
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1 4) in said compartment filled with said air from the 
oven chamber (30); said first recerver (1 3) arranged 
opposite to the transmitter (12) and designed to re- 
ceive direct radiation from the transmitter ( 1 2) along 
a transmission path through the interior of the com- 
partment, said second receiver (14) shielded from 
direct radiation from the transmitter (12) and de- 
signed to receive indirect or scattered radiation from 
the interior of the compartment, each receiver (13, 
14) emitting an output signal that is a measure of 
the radiation received, the output signal from said 
first recerver (13) changing in opposite direction to 
the output signal from said second receiver (14); 
and a signal-processing circuit (40) which is con- 
nected to the receivers (13, 14) and in which the 
output signals therefrom are compared to indicate, 
upon a given change of the relative magnitude of 
the output signals, the presence in the chamber air 
of particles affecting the radiation transmission. 

A detector as set forth in claim 1 , characterised in 
that the transmitter (12) is an IR-light-emittmg di- 
ode, and that the receivers (1 3, 14) are phototran- 
sistors. 

A detector as set forth in claim 1 or 2, characterised 
in that the transmitter (12) and the receivers (13, 
1 4) are disposed in a detector housing (11) provided 
with an air inlet and an air outlet and having inter- 
nally non -reflective walls, said housing (11) being 
mounted in such a position outside the oven cham- 
ber (30) that ventilation air from the chamber flows 
through the housing (11) during a heating proce- 
dure. 

A detector as set forth in any one of claims 1 -3, 
characterised in that the signal-processing circuit 
(40) comprises means (48) for generating a signal 
constituting the difference between a signal derived 
from the first receiver (1 3), and a signal derived from 
the second receiver (14), this difference signal be- 
ing utilised for indicating the presence of particles 
in the chamber air 

A detector as set forth in claim 4, characterised in 
that the signal-processing circuit (40) comprises 
means (46, 47) for differentiating the output signals 
from the receivers (13, 14), said difference signal 
being generated by subtraction of the differentiated 
signals. 

A modification of the detector as set forth in claim 
3, characterised in that a transparent partition (16) 
is provided between the transmitter (12) and the first 
recerver (13), the second recerver ( 1 4) being situat- 
ed on the same side of the partition (16) as the 
transmitter (12), said partition (16) cooperating with 
means for keeping the partition (16) at a lower tem- 
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perature than the chamber air. 



Patentanspruche 

1. Detektor (10), der so ausgebildet ist. daf3 er die Ge- 
genwart von Partikeln, wie Rauch und Wasser- 
dampf, in derKammer (30) ernes Mikrcwellenherds 
wahrend emes Erhrtzungsvorgangs erkennt, ge- 
kennzeichnet durch 

emen Sender der so ausgebildet ist. daft 
er elektromargnetische Strahlung optischer Na- 
turCejTTp^angT'und der in einem Fach angeord- 
net ist, das vor aufterer Strahlung geschutzt ist 
und wahrend eines Erhrtzungsvorgangs mit 
Luft aus der Herdkammer (30) angefulrt wird, 
einen ersten Empfanger (1 3) und emen zwerten 
Empfanger (14) in dem genannten Fach, das 
mit Luft aus der Herdkammer (30) angefullt 
wird, 

eine gegenuberliegende Anordnung des ersten 
Empfangers (13) und des Senders (12) und ei- 
ne derartige Ausbildung des ersten Empfan- 
gers (13), daft er eine direkte Strahlung vom 
Sender (12) langs eines Ubertragungsweges 
durch das Innere des Fachs empfangt, 
einen Schutz des zweiten Empangers ( 1 4) vor 
derdirekten Strahlung des Senders (12) und ei- 
ne derartige Ausbildung des zweiten Empfan- 
gers (14), daft er indirekte Oder gestreute 
Strahlung aus dem Fachinneren empfangt, wo- 
bei jeder Empfanger (13, 14) ein Ausgangssi- 
gnal als Maft der empfangenen Strahlung aus- 
sendet und das Ausgangssignal des ersten 
Empfangers (13) sich in entgegegesetzter 
Richtung wie das Ausgangssignal des zweiten 
Empfangers (14) andert, und 
eine signatverarbertende Schaltung (40), die 
mil den Empfangern (1 3, 1 4) verbunden ist und 
in der die Ausgangssignale dieser Empfanger 
miteinander verglichen werden, um auf eine 
gegebene Anderung der betreffenden Grofte 
der Ausgangssignale hin die Gegenwart von 
Partikeln in der Kammerluft anzuzeigen, die die 
Strahlungsubertragung beeinflussen 

2. Detektor nach Anspruch 1, dadurch gekennzeich- 
net, daft der Sender (12) eine infrarotlichtaussen- 
dende Diode ist und daft die Empfanger (13, 14) 
Fototransistoren sind. 

3. Detektor nach Anspruch 1 Oder 2, dadurch gekenn- 
zeichnet, daft der Sender (12) und die Empfanger 
(13, 1 4) in einem Detektorgehause (11) angeordnet 
sind, das einen Lufteinlaft und einen Luftauslaft so- 
wie nichtreflektierende Innenwande aufweist, und 
daft das Detektorgehause (11) in solcher Weiseau- 
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Berhalb der Herdkammer (30) befestigt ist daB die 
Ventilationsluft wahrend etnes Erhitzungsvorgangs 
aus der Herdkammer durch das Detektorgehause 
(11 stromt 

5 

4. Detektor nach emem der Anspruche 1 bis 3. da- 
durch gekennzeichnet, daB die signalverarbeitende 
Schaltung (40) Mittel (46) zur Erzeugung emes Si- 
gnals aufweist, das die Differenz zwischen emem 
vom ersten Empfanger (1 3) abgelerteten Signal und to 
einem vom zweiten Empfanger (14) abgelerteten 
Signal darstellt wobei dieses Differenzsignal zur 
Anzeige der Gegenwart von Parlikeln in der Kam- 
merluft verwendet wird 

15 

5. Detektor nach Anspruch 4, dadurch gekennzeich- 
net, daB die signalverarbeitende Schaltung (40) 
Mittel (46, 47) zur Differenzierung der Ausgangssi- 
gnale der Empfanger (13, 14) aufweist, wobei das 
Differenzsignal durch Subtraktion der differenzier- 20 
ten Signale erzeugt wird. 

6. Detektor nach Anspruch 3, dadurch gekennzeich- 
net, daB ein transparenter Teil (16) zwischen dem 
Sender (12) und dem ersten Empfanger (13) vor- 2s 
gesehen ist und daB der zweite Empfanger (14) auf 
derselben Seite des Teils (16) wie der Sender (12) 
angeordnet ist, wobei der Teil (16) mit Mitteln zu- 
sammenarbeitet, die den Teil (16) auf eine niedri- 
gere Temperatur als die der Kammerluft halten. 30 



Revendications 

1. Detecteur adapts pour detecter la presence de par- 3S 
ticules, telles que de la fumee et de la vapeur d'eau, 
dans la chambre (30) d'un four a micro-ondes pen- 
dant une operation de chauffe, I edit detecteur (10) 
comprenant un emetteur (12) concu pour eYnettre 
un rayonnement eiectromagnetique de nature opti- *o 
que et agence dans un compartiment qui est prote- 
ge des rayonnements externes et qui, pendant une 
operation de chauffe, est rempli avec fair provenant 
de la chambre de four (30) ; des premier et second 
recepteurs (13, 14) dans ledit compartiment rempli *s 
avec ledit air provenant de la chambre de four (30) ; 
ledit premier recepteur (13) agence oppose" a 
I'emetteur (12) et concu pour recevoir le rayonne- 
ment direct provenant de l'6metteur (1 2) le long d'un 
trajet de transmission a travers I'interieur du so 
compartiment ; ledit second recepteur (14) protege 
du rayonnement direct provenant de remetteur (12) 
et concu pour recevoir le rayonnement indirect ou 
disperse provenant de I'interieur du compartiment, 
chaque recepteur (13, 14) emettant un signal de ss 
sortie qui est une mesure du rayonnement recu, le 
signal de sortie provenant dudit premier recepteur 
(13) variant dans la direction opposed au signal de 
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sortie provenant dudit second recepteur (1 4) , et un 
circuit de traitement de signal (40) qui est connects 
aux recepteurs (13, 14) et dans lequel les signaux 
de sortie provenant de ceux-ci sont compares pour 
indiquer, lors d'une variation donnee de I'amplitude 
relative des signaux de sortie, la presence dans I'air 
de la chambre de particules affectant la transmis- 
sion du rayonnement 

2. Detecteur seton la revendication 1 , caracterise en 
ce que I'emetteur ( 1 2) est une diode electrolumines- 
cente a infrarouge et en ce que les recepteurs (13, 
14) sont des phototransistors. 

3. Detecteur seton la revendication 1 ou 2, caracterise 
en ce que remetteur (12) et les recepteurs (13, 14) 
sont places dans un boitier de detecteur ( 1 1 ) pourvu 
d'une arrivee d'air et d'une evacuation d'air et com- 
portant interieurement des parois non reflechissan- 
tes, ledit boitier (11) etant monte dans une position 
a I'exteheur de la chambre de four (30) telle que I'air 
de ventilation provenant de la chambre circule a tra- 
vers le boitier (11) pendant une operation de chauf- 
fe. 

4. Detecteur selon Tune quelconque des revendica- 
tions 1 a 3, caracterise en ce que le circuit de trai- 
tement de signal (40) comprend des moyens (48) 
destines a generer un signal constituant la differen- 
ce entre un signal derive du premier recepteur (1 3) 
et un signal derive du second recepteur (14), ce si- 
gnal de difference etant utilise pour indiquer la pre- 
sence de particules dans I'air de la chambre. 

5. Detecteur seton la revendication 4, caracterise en 
ce que le circuit de traitement de signal (40) com- 
prend des moyens (46, 47) destines a differencier 
les signaux de sortie provenant des recepteurs ( 1 3, 
14), ledit signal de difference etant genere par la 
soustraction des signaux differences 

6. Modification du detecteur selon la revendication 3, 
caracterisee en ce qu'une separation transparente 
(16) est prevue entre remetteur (12) et le premier 
recepteur ( 1 3), le second recepteur ( 1 4) etant situe 
du meme cote de la separation (16) que remetteur 
(12), ladite separation (16) cooperant avec des 
moyens destines a maintenir la separation (16) a 
une temperature inferieure a celle de fair de la 
chambre. 
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